Rare gas evidence for two paired meteorite falls by Heymann, D.
COO-38 2- 56 
RARE GAS EVIDENCE FOR TWO PAIRED METEORITE FALLS 
Dieter Heymann / 
. Enrico  Fermi I n s t i t u t e  for Nuclear S t u d i e s , ,  
I 
,! U n i v e r s i t y  of Chicago, Chicago, I l l i n o i s ,  60637 
F- Submitted t o  
et Cosmochimic 
May 1965 ,/ 
, 
NASA Grant NsG-366 Research 
AE€ Contract AT (11-1)-382 
EFINS 65-53 
https://ntrs.nasa.gov/search.jsp?R=19680001909 2020-03-12T11:56:11+00:00Z
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University of Chicago, Chicago, Illinois 
Abstract. Rare gas contents were determined by mass- 
spectrometry in meteorites of two so-called paired falls: 
Accalana-Artracoona-Carraweena and La Lande-Melrose-Taiban. 
The results show that Accalana and Carraweena Zre identical, 
whereas Artracoona appears to be an independent fall. The 
"La Lande" group includes at least one independent fall: 
Taiban. A comparison of terrestrial meteorite ages to 
meteorite fall frequencies shows, that the survival of coin- 
cidences of octahedrites and ordinary chondrites, is quite 
likely. 
* * * * * * *  
Among the thousands of meteorite finds on Earth, there 
are several instances in which chemically and structurally 
similar meteorites were recovered from the same area. Such a 
situation arises for instance when a meteorite shower occurs; 
the famous L'Aigle shower of 1803 deposited 2000-3000 stones in 
an area of approximately 12 x 4 km (Heide, 1964). While 
showers of this magnitude are exceptional, it is nevertheless 
true that a majority of stone meteorites break up during their 
fall through the atmosphere so that the fall of a single stone 
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is abou t  a s  r a r e  an  e v e n t  a s  t h e  occurence  of a shower.  The 
f a l l  of s e v e r a l  f r agmen t s  f rom one me teo ro id  is by no means 
res t r ic ted t o  s t o n e s ,  bu t  has  been obse rved  f o r  i r o n s  a s  w e l l  
( e .g .  S i k h o t e  A l i n ) .  
C o n s i d e r i n g  t h e  f a c t  t h a t  more t h a n  h a l f  o f  a l l  t h e  
known m e t e o r i t e s  were no t  s e e n  t o  f a l l ,  b u t  a r e  f i n d s ,  i t  
comes a s  no s u r p r i s e  t h a t  two or  more c h e m i c a l l y  and s t r u c t u r a l l y  
s i m i l a r  m e t e o r i t e s  were d i s c o v e r e d  a s  f i n d s  i n  t h e  same a r e a .  
I n  p a r t i c u l a r ,  t h e  e x t e n s i v e  searches of  H.H. N in inge r  and h i s  
a s s o c i a t e s  have t u r n e d  up s e v e r a l  such  c a s e s .  The c o l l e c t o r  
is f a c e d  w i t h  t h e  f o l l o w i n g  dilemma. D i d  t h e  f r a g m e n t s  come 
from t h e  same me teo ro id ,  i . e .  a r e  t h e y  i d e n t i c a l ,  or d i d  t h e y  
f a l l  a t  d i f f e r e n t  t i m e s  i n  t h e  p a s t ,  i . e .  a r e  t h e y  independent?  
Depending on t h e  judgment of t h e  i n v e s t i g a t o r  i t  has  been 
e i t h e r  s u g g e s t e d  t h a t  s u c h  meteorites a r e  i d e n t i c a l  or t h a t  
t h e y  a r e  independen t .  
l 
*I 
T h i s  c a t e g o r y  of  m e t e o r i t e s  was l i s t e d  by P r i o r  and Hey -
(1953) a s  p a i r e d  f a l l s  or p a i r e d  meteorites: " t h o s e  p a i r s  or 
groups  o f  f a l l s  which i t  has  been s u g g e s t e d  a r e  p o s s i b l y  or 
* ) A  f e w  f i n d s  of c o m p o s i t i o n a l l y  d i f f e r e n t  meteorites a t  c l o s e  
l o c a t i o n s  a r e  w e l l  known, e . g ,  t h e  c h o n d r i t e  Coon B u t t e  and t h e  
o c t a h e d r i t e  Canyon Diab lo  a t  Arizona Meteor C r a t e r .  Such co in -  
I c i d e n c e s  a r e  commonly c o n s i d e r e d  independent  f a l l s .  
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probab ly  i d e n t i c a l .  I t  T h e  a u t h o r s  added :  "no o p i n i o n  is impl i ed  
a s  t o  t h e  p r o b a b i l i t y  o f  these i d e n t i t i e s . "  
T h e  ass ignment  of m e t e o r i t e s  t o  a p a i r e d  o r  t o  an i n -  
dependent  f a l l  can  be s t r e n g t h e n e d  by r a r e  g a s  s t u d i e s .  T h e r e  
a r e  a t  l e a s t  three l i n e s  of ev idence .  F i r s t ,  meteorites c o n t a i n  
cosmogenic H e ,  N e ,  and A r  i s o t o p e s ,  which were produced i n  s i t u  
d u r i n g  t h e  cosmic-ray exposure  e r a ,  when t h e  m e t e o r i t e s  e x i s t e d  
a s  r e l a t i v e l y  s m a l l  e n t i t i e s  i n  space .  Fragments  t h a t  b roke  of f  
from a s i n g l e  p a r e n t  o b j e c t  when i t  f e l l  t h r o u g h  t h e  a tmosphere  
were a l l  i r r a d i a t e d  fo r  t h e  same l e n g t h  of t i m e .  While one 
e x p e c t s  t o  f i n d  s i m i l a r  cosmogenic r a r e  g a s  c o n t e n t s  i n  a l l  
f r a g m e n t s ,  t h e  a c t u a l  v a l u e s  a r e  not n e c e s s a r i l y  e q u a l  because  
e a c h  f ragment  c o u l d  have come from a d i f f e r e n t  d e p t h  i n  t h e  
p a r e n t  o b j e c t  and t h u s  have been s u b j e c t e d  t o  d i f f e r e n t  d e g r e e s  
o f  s h i e l d i n g .  I n  i r o n  m e t e o r i t e s ,  s u b s t a n t i a l  v a r i a t i o n s  have 
been o b s e r v e d ;  e . g .  i n  Canyon Diablo  I found v a r i a t i o n s  by f o u r  
orders of  magni tude (Heymann e t  a l ,  1965) ,  bu t  t h i s  is un- 
d o u b t e d l y  an ex t reme c a s e .  S h i e l d i n g  e f fec ts  i n  s t o n e  meteorites 
a r e  much s m a l l e r ,  owing t o  t h e  f a c t  t h a t  s t o n e s  a r e  s y s t e m a t i c a l l y  
-- 
--
smaller t h a n  i r o n s .  The r a n g e  of p r o d u c t i o n  r a t e s  i n  s t o n e s  
c a n  be  i n f e r r e d  from A 1 2 6  measurements by Rowe e t  a 1  (1963), 
which i n d i c a t e  t h a t  v a r i a t i o n s  of 20-50% i n  a s i n g l e  c h o n d r i t e  
--- 
I 
I a r e  n o t  uncommon. 
I 
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Second, t h e  decay of U, Th, and K h a s  produced r a d i o -  
. Among d i f f e r e n t  c h o n d r i t e s  of  t h e  same g e n i c  He: and A r r  
c l a s s ,  i n  p a r t i c u l a r  among hype r s thenes ,  one f i n d s  v a r i a t i o n s  
4 o f  t h e s e  g a s e s  by one o r d e r  of  magnitude; Her  f o r  i n s t a n c e  
r a n g e s  from abou t  100 t o  2000 x loe8  ccSTP/g. 
l i t t l e  is known abou t  v a r i a t i o n s  w i t h i n  - a s i n g l e  c h o n d r i t e ;  
i n  one c a s e  a v a r i a t i o n  by a s  much a s  50% was found by Ztfhringer 
(1965) .  N e v e r t h e l e s s ,  t h e  r a d i o g e n i c  components may p r o v i d e  
impor t an t  c l u e s .  
40*) 
R e l a t i v e l y  
T h i r d ,  s e v e r a l  c h o n d r i t e s  c o n t a i n  p r i m o r d i a l  r a r e  
g a s e s ,  t h e  m o s t  common component being a r g o n ,  For t h e  g r e a t  
m a j o r i t y  of o r d i n a r y  c h o n d r i t e s ,  A r 3 6  v a r i e s  from 0 t o  1 .5  x 
P 
ccSTP/g ( e . g .  t h i s  is t h e  c a s e  i n  80% o f  t h e  hype r s thene  
c h o n d r i t e s )  ., S i n c e  t h e  p r o b a b i l i t y  t h a t  t w o  c h o n d r i t e s  have 
s i m i l a r  A r 3 6  v a l u e s  o u t s i d e  t h i s  range  is q u i t e  l o w ,  s u c h  a 
c o i n c i d e n c e  s t r e n g t h e n s  a p a i r i n g .  
P 
The m e t e o r i t e  c a t a l o g u e  of P r i o r  and - Hey (1953) lists 
32  p a i r e d  f a l l s .  I n  t h e  c o u r s e  of my s t u d i e s  of r a r e  g a s e s  i n  
h y p e r s t h e n e  c h o n d r i t e s ,  I have de termined  H e ,  N e ,  and A r  i s o t o p e s  
by mass-spec t romet ry  i n  members of t w o  s u c h  m u l t i p l e t s :  Accalana-  
Artracoona-Carraweena and La Lande-Melrose-Taiban. The exper -  
*)I u s e  t h e  s u b s c r i p t s  c,  r, and p t o  i d e n t i f y  cosmogenic,  
r a d i o g e n i c ,  and p r i m o r d i a l  components. 
* 
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i m e n t a l  t e c h n i q u e  h a s  been d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  (Heymann, 
1965) .  The r e s u l t s  t o g e t h e r  w i t h  d a t a  p r e v i o u s l y  o b t a i n e d  by 
others a r e  l i s t e d  i n  Tab le  1. 
Accalana,  Ar t r acoona ,  and Carraweena were found i n  
A u s t r a l i a  w i t h i n  d i s t a n c e s  of less t h a n  13 km ( P r i o r  and Hey, 1953). 
What seemed t o  s p e a k  f o r  a common o r i g i n  were t h e i r  chemica l  and 
s t r u c t u r a l  s i m i l a r i t y ,  A l l  three a r e  h y p e r s t h e n e  c h o n d r i t e s ;  t h e  
-
f a y a l i t e  c o n t e n t s  of  t h e  o l i v i n e s  a r e  t h e  same: 24 mole % (Mason, 
1963) .  B u t  D r . .  B. Mason ( p r i v a t e  communication) brought  t o  my 
a t t e n t i o n  t h a t  he  f i n d s  t h a t  t h e  pyroxene i n  Accalana and Carraweena is 
d i s t i n c t l y  d i f f e r e n t  (predominant ly  c l i n o p y r o x e n e )  from t h a t  i n  
Ar t racoona  (predominant ly  o r thopyroxene ) .  Mason’s o b s e r v a t i o n s  
a r e  s t r o n g l y  s u p p o r t e d  by t h e  p r e s e n t  r e s u l t s  i n  t h a t  t h e  r a r e  
g a s  c o n t e n t s  o f  Ar t r acoona  a r e  d i s t i n c t l y  d i f f e r e n t  from t h o s e  of 
Accalana and Carraweena,  Hec ,  N e c  , and A r c  , a s  w e l l  a s  Her  and 
40 i n  Ar t racoona  a r e  one  o r d e r  of magnitude h i g h e r  t h a n  i n  t h e  Arr 
two o t h e r  meteorites. 
0 .7  x ccSTP/g a s  a g a i n s t  4 . 0  and 3.0 x ccSTP/g i n  
3 21 38 4 
Fur thermore ,  Ar3r6 i n  Ar t racoona  is o n l y  
Accalana and Carraweena. 
A s  f o r  Accalana and Carraweena t h e m s e l v e s ,  t h e  d a t a  a r e  
3 21 no t  i n c o n s i s t e n t  w i t h  a p a i r e d  f a l l  a s s ignmen t .  F i r s t ,  t h e  Hec/Nec  
r a t i o s  a r e  u n u s u a l l y  l o w  i n  both m e t e o r i t e s ,  s u g g e s t i n g  e x t e n s i v e  
d i f f u s s i o n  l o s s  of b o t h  H e c  and Her .  
a r e  r e l a t i v e l y  uncommon, hav ing  been found o n l y  i n  8% of t h e  
3 4 3 Hec/Ne:’ r a t i o s  below 3 . 0  
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hype r s thene  c h o n d r i t e s ,  d a t e d  t h u s  f a r .  The d i f f u s i o n  l o s s  c o u l d  
w e l l  have caused  t h e  d i f f e r e n c e  i n  t h e  He: c o n t e n t s  of t h e  t w o  
meteorites. Second, t h e  Ar;' c o n t e n t s  a r e  v e r y  s i m i l a r .  T h i r d ,  
A r 3 6  v a l u e s  a r e  s i m i l a r  and o u t s i d e  t h e  r a n g e  of  most h y p e r s t h e n e  
c h o n d r i t e s .  F o u r t h ,  t h e  cosmogenic g a s e s  d i f f e r  by abou t  30%, a 
r a t h e r  l a r g e  b u t  n o t  improbable  margin.  I n  my o p i n i o n ,  Accalana 
and Carraweena a r e  i d e n t i c a l  meteorites,  whereas  Ar t racoona  is 
a n  independen t  f a l l .  
P 
N i n i n g e r  (1934)  d i s c o v e r e d  La Lande 42 km W. o f  t h e  Melrose 
(New Mexico) f a l l ,  and concluded  t h a t  t h e  t w o  were i d e n t i c a l .  
L a t e r ,  h e  proposed t h a t  La Lande and Melrose were independent  
f a l l s ,  and  p r e s e n t e d  e v i d e n c e  t h a t  "La Lande" i t s e l f  was a 
composi te  of  t w o  independent  f a l l s ,  which h e  named La Lande and 
Ta iban .  F a y a l i t e  c o n t e n t s  of t h e  o l i v i n e s  a r e  23% i n  Melrose, 
24% i n  La Lande, and 25% i n  Taiban (Mason, 19631, l e n d i n g  some 
s u p p o r t  t o  N i n i n g e r ' s  l a t e r  c l a s s i f i c a t i o n .  
The r a r e  gas d a t a  p r e s e n t  a somewhat confused  p i c t u r e  i n  
2 1  t h a t  t w o  d i f f e r e n t  specimens of La Lande have d i f f e r e n t  N e c  
c o n t e n t s  of 4 .08  and 2.69 x loe8 ccSTP/g, w h i l e  t w o  Ta iban  
spec imens  d i f f e r  i n  t h e i r  cosmogenic r a r e  g a s  c o n t e n t s  by a f a c t o r  
of t w o .  For  t h e  pu rpose  o f  comparison, I have l a b e l e d  t h e s e  
spec imens  La Lande I and 11, and Taiban I and 11. I t  a p p e a r s  
t h a t  t h i s  p a i r e d  f a l l  i n c l u d e d  a t  l e a s t  t w o  independent  f a l l s  
s i n c e  Ta iban  I1 is q u i t e  d i s t i n c t l y  d i f f e r e n t  from t h e  o t h e r s .  
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The d i f f e r e n c e  between Taiban  I and Taiban  I1 s u b s t a n t i a t e s  e a r l i e r  
r e p o r t s  ( P r i o r  and Hey, 1953) t h a t  s e v e r a l  m e t e o r i t e s  of  t h i s  
p a i r e d  f a l l  were e i t h e r  misnamed or m i s l a b e l e d .  
-
I have r e p e a t e d  t h e  r a r e  gas a n a l y s i s  of  Ta iban  I, a sample  
of which was made a v a i l a b l e  f o r  t h i s  pu rpose  by D r .  H. Wtfnke. My 
r e s u l t s  c o n f i r m  t h e  e a r l i e r  measurement i n  t h a t  t h e  cosmogenic 
r a r e  g a s  c o n t e n t  of Ta iban  I is about twice a s  low a s  t h a t  o f  
Ta iban  11. T h i s  d i f f e r e n c e  is l a r g e  indeed ,  b u t  p e r h a p s  not  q u i t e  
l a r g e  enough t o  a l l  bu t  e x c l u d e  t h e  p o s s i b i l i t y  t h a t  Ta iban  I was 
more e f f e c t i v e l y  s h i e l d e d  t h a n  Taiban 11, b o t h  i n d i v i d u a l s  coming 
from t h e  same p a r e n t  o b j e c t .  To  t e s t  t h i s  p o s s i b i l i t y ,  I have 
de te rmined  t h e  A 1 2 6  a c t i v i t y  i n  Taiban I (Taiban  I1 was t o o  
s m a l l  f o r  s u c h  a measurement) by y-y c o i n c i d e n c e  s p e c t r o s c o p y .  
The r e s u l t ,  64*9 dpm/kg, p o i n t s  s t r o n g l y  t o  a d i f f e r e n t  o r i g i n  of 
Taiban  I and I1 because  t h e  s h i e l d i n g  h y p o t h e s i s  r e q u i r e s  t h a t  
Ta iban  I1 had an  A 1  a c t i v i t y  of  -130 dpm/kg. T h i s  is v e r y  
u n l i k e l y  because  t h e  A 1 2 6  c o n t e n t s  of  o r d i n a r y  c h o n d r i t e s  seem 
26 
t o  have a n  upper  l i m i t  n e a r  60-70 dpm/kg (Anders ,  1962, Rowe e t  a l ,  --- 
I 1963) .  
I 3 H e  c o n t e n t s  of  La Lande I, La Lande 11, Melrose, and 
C 
Ta iban  I a r e  not  i n c o n s i s t e n t  w i t h  a p a i r i n g  of t h e s e  m e t e o r i t e s .  
However, t h e  Ne:' v a l u e s  f a l l  i n t o  two g roups ,  one a t  about  4 . 0 ,  
4 40 36  t h e  o t h e r  a t  abou t  2 . 7  x lo-* ccSTP/g. Also  He,, A r r  , and A r  
I P 
p r o v i d e  no  c l e a r - c u t  ev idence  for p a i r i n g .  A t  t h i s  t i m e ,  t h e  
b 
b 
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q u e s t i o n  seems t o  be unso lved ;  t h e  f o u r  meteorites cou ld  be e i ther  
i d e n t i c a l  or be long  t o  t w o  independent  f a l l s .  Pe rhaps  f u r t h e r  
s t u d i e s  of a l a r g e r  number of La Lande, Melrose and Taiban spec imens  
cou ld  p r o v i d e  t h e  answer.  
One c o n c l u s i o n  t h a t  can  be drawn is t h a t  geograph ic  
p r o x i m i t y  and chemica l  or s t r u c t u r a l  s i m i l a r i t i e s  do n o t  a lways  
r e p r e s e n t  s u f f i c i e n t  e v i d e n c e  f o r  t he  p a i r i n g  of m e t e o r i t e s ,  a s  
i l l u s t r a t e d  by t h e  c a s e s  o f  Ar t racoona  and Taiban  11. On t h e  
o t h e r  hand, t h e r e  e x i s t  undoubtedly genu ine  p a i r s  of which 
Accalana and Carraweena, Canyon Diablo  I ,  11, and 111, (Heymann, 
1964) ,  and pe rhaps  La Lande, Melrose,  and Taiban  I a r e  examples.  
I n  t h i s  c o n n e c t i o n ,  i t  is i n t e r e s t i n g  t o  s p e c u l a t e  on t h e  chance  
t h a t  independent  f a l l s  of m e t e o r i t e s  of t h e  same c l a s s  occur  i n  
a r e l a t i v e l y  s m a l l  a r e a  on E a r t h ,  and on t h e  p r o b a b i l i t y  t h a t  t h i s  
c o i n c i d e n c e  w i l l  s u r v i v e  t h e  wea the r ing  p r o c e s s e s ,  which w i l l  
s o o n e r  or l a t e r  d e s t r o y  its record. 
The chance  of r e c o v e r y  depends on t h e  r a t e  of f a l l  o f  
meteorites t o  t h e  E a r t h  and on t h e i r  s u r v i v a l  t i m e s .  The f a l l  
f r e q u e n c y  of  a l l  c l a s s e s  was e s t i m a t e d  by Brown (1961):  one 
meteorite/lO years/km . I have assumed t h a t  t h e  f a l l  f r equency  
was c o n s t a n t  t o  a t  l e a s t  1 0  y e a r s  ago  and c a l c u l a t e d  t h e  f a l l  
6 2 
7 
r a t e  on a 1 0  x 1 0  km a r e a  f o r  m e t e o r i t e s  of  8 d i f f e r e n t  c l a s s e s .  
I n  Tab le  11, I have a l s o  l i s t e d  t h e  h i g h e s t  t e r r e s t r i a l  a g e s ,  
r e p o r t e d  f o r  o c t a h e d r i t e s ,  p a l l a s i t e $ ,  b r o n z i t e s ,  and hype r s thenes .  
, 
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T e r r e s t r i a l  ages  depend among o t h e r s  on c l i m a t i c  con- 
d i t i o n s  and compos i t ion .  The h i g h e s t  terrestr ia l  a g e s  i n  Tab le  
I1 may w e l l  be e x c e p t i o n a l ,  s i n c e  s t o n e s  have been r e p o r t e d  t o  
wea the r  and d i s i n t e g r a t e  w i t h i n  a few months, w h i l e  i r o n s  a r e  
known t o  c o r r o d e  r a t h e r  q u i c k l y  when l a w r e n c i t e  is p r e s e n t .  
S t i l l ,  it is remarkab le  t h a t  t h e  h i g h e s t  o c t a h e d r i t e  age ,  >1.5 x 
1 0  y e a r s ,  compares f a v o r a b l y  t o  t h e  a v e r a g e  t i m e  between t w o  
h i t s  o f  2 x 1 0  y e a r s .  S i m i l a r l y ,  t h e  h i g h e s t  h y p e r s t h e n e  age  
o f  2 . 1  x 1 0  y e a r s  is of t h e  same o r d e r  a s  t h e  expec ted  a v e r a g e  
4 t i m e  between t w o  h i t s  o f  2 x 1 0  y e a r s .  
6 
5 
4 
The lower f a l l  f requency  of i r o n s  (about  0 . 1  of  t h a t  o f  
s t o n e s )  is probab ly  more t h a n  compensated by t h e i r  g r e a t e r  
d u r a b i l i t y .  One would expec t  i r o n s  t o  be t h e  most l i k e l y  can- 
d i d a t e s  among s u r v i v i n g  c o i n c i d e n c e s .  
The 32 p a i r e d  f a l l s  o f  P r i o r  and - Hey (1953) i n c l u d e  18 
" i r o n  p a i r s . "  Two o f  t h o s e  a r e  a s s o c i a t e d  w i t h  mass ive ,  c r a t e r -  
forming  m e t e o r i t e s  (Canyon Diab lo  and Wabar), one is a hexa- 
h e d r i t e  p a i r  ( t h e  C h i l e a n  h e x a h e d r i t e  g r o u p ) ,  two a r e  p a l l a s i t e s  
(Baquedano and Malyi A l t a i ) ,  and one is a Ni-poor a t a x i t e  (Bar raba ) .  
These might  be genu ine  p a i r s ,  excep t  f o r  t h e  h e x a h e d r i t e s  ( S i g n e r  
and N i e r ,  1962) .  On t h e  o t h e r  hand, i t  is q u i t e  c o n c e i v a b l e  t h a t  
s e v e r a l  o f  t h e  r ema in ing  o c t a h e d r i t e  p a i r s  i n c l u d e  independent  
meteor i t es . 
As f o r  s t o n e s ,  t h e  h i g h e s t  t e r r e s t r i a l  age  of 21 ,000  y e a r s  
. 
* 
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was r e p o r t e d  f o r  P o t t e r ,  a s t r o n g l y  weathered,,  b l a c k  c h o n d r i t e .  
These c h o n d r i t e s  a r e  h e a v i l y  shocked,  q u i t e  compact s t o n e s ,  80 
p e r  c e n t  of  which a r e  f i n d s ,  a s  a g a i n s t  on ly  30 p e r  c e n t  of a l l  
c h o n d r i t e s .  I t  is v e r y  l i k e l y  t h a t  h e a v i l y  b r e c c i a t e d  o r  b l a c k  
c h o n d r i t e s  a r e  among t h e  most d u r a b l e  s t o n e s ,  and a r e  good can-  
d i d a t e s  f o r  s u r v i v i n g  c o i n c i d e n c e s .  I n  t h i s  c o n n e c t i o n  i t  is 
i n t e r e s t i n g  t o  n o t e  t h a t  b o t h  Ar t racoona  and Taiban  a r e  c l a s s i f i e d  
a s  b l a c k  c h o n d r i t e s .  *)  
Even i f  t h e  t e r r e s t r i a l  age  of  a s t o n e  is one o r d e r  of  
magni tude below t h e  age  of P o t t e r ,  t h e  a r e a  i n  which a c o i n -  
c i d e n c e  is l i k e l y  t o  s u r v i v e  is still  o n l y  30 x 30 k m .  S i x  
c h o n d r i t e s  show t e r r e s t r i a l  a g e s  of 2000-6700 y e a r s  (Goel and 
Kohman, 1 9 6 2 ) .  Pe rhaps  t h e  s u r v i v a l  o f  two independent  f a l l s  
o f  c h o n d r i t e s  of t h e  same c lass  w i t h i n  s e v e r a l  t e n s  of k i l o m e t e r s  
s h o u l d  be c o n s i d e r e d  a s e r i o u s  a l t e r n a t i v e  t o  a p a i r i n g  of t h e  
two f a l l s .  T h i s  o p i n i o n  is f u r t h e r  s t r e n g t h e n e d  by an  obse rved  
c o i n c i d e n c e :  t h e  a m p h o t e r i t e s  Manbhoom and Vishnupur ,  which 
a r e  a lmos t  i d e n t i c a l  i n  c h e m i s t r y  and s t r u c t u r e ,  f e l l  i n  I n d i a  
i n  1863 and 1906,  t h e  p l a c e s  of  f a l l  be ing  80 km a p a r t .  If s u c h  
c o i n c i d e n c e s  o c c u r  i n  t h e  p r e s e n t ,  why s h o u l d  t h e y  no t  have 
happened i n  t h e  p a s t ?  
*)My sample  of Ar t racoona  is s t r o n g l y  weathered  and its appea rance  
is u n l i k e  t h a t  of a t y p i c a l  b l a c k  c h o n d r i t e  s u c h  a s  McKinney. Ta iban  
I a s  w e l l  a s  Ta iban  11 appea r  t o  be genuine  b l a c k  c h o n d r i t e s .  
-11- 
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